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LTM4638
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BUN et -0.3V~Viy
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PHMODE. CLKOUT. FB......coeoeirreeeeereeeeee e —0.3V~6V
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VOSNS et eeeeeeeeeeeereeeenenee -0.3V~6V
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BGA PACKAGE

49-LEAD (6.25mm x 6.25mm x 5.02mm)

Tymax = 125°C, 8yctop = 17°C/W, 8ychottom = 11°C/W,
0y + 6 = 22°C/W, Byp = 22°C/W,
6,4 DERIVED FROM 95mm x 76mm PCB WITH 4 LAYERS
6 VALUES DETERMINED PER JESD51-12, WEIGHT = 660mg

IR

BEY—F27 I
BRES RyR/R—IEES | FMR [fEFI-K | 547 MSLTER: | EEEEEE (Note 2
LTM4638EY#PBF SAC305 (RoHS) LTM4638Y el BGA 3 -40°C 0 125°C
LTM4638IY#PBF SAC305 (RoHS) LTM4638Y el BGA 3 -40°Ct0 125°C

o BIAEVWEIFRESRETRESNDT/ A RCDWTIE B K BEHARE CBBHNELEEE W, o HEDLGABGAPCBY £ 7V FIRS LVEIEFIEICOWTOSRSE:

* )y RET2ldR—)L DA _EIF 3 — R IPC/JEDEC J-STD-609 [CHEBLLTWE T,

o LGABGA/\y T —IHELV ML DRENDSRYE:

TR

O [FIMESIN-2NEENFRELHFE DRBEZEKT S (Note 2) , ZNLIA I Ta = 25°C TDAE, Vin = 12V, 1 R—IY BICRTIEER

ISFBIDBRICE B,
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
AYFIT LF2L—FEBFroRIVEID
Vin Input DC Voltage ® 3.1 20 v
Vout Output Voltage Range ([ ] 0.6 55 v
Vourpe) Output Voltage, Total Variation Cin = 22)1F, Coyt = 100pF Ceramic, Rrg = 40.2K,

with Line and Load MODE = INTVcg, lout = 0A to 15A (Note 3)

(Note 6) -40°Ct0 125°C ® | 1477 1.50 1.523 v
VRun RUN Pin On Threshold VRun Rising 1.1 1.25 1.35 v
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LTM4638

B

o [IHRTE S NIcENEEFREEHEE DRIBEZERT S (Note 2) o NSNS Ta =25°C TDIE, Vin = 12V, 1 X—J BICR I 1RERN

ISABIDBRKIZE S,
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
loy Input Supply Bias Current Vin = 12V, Vout = 1.5V, MODE = INTV¢g 100 mA
Vin = 12V, Vour = 1.5V, MODE = GND 18 mA
Shutdown, RUN = 0, Viy = 12V 20 HA
Isviny Input Supply Current Vin =12V, Vout = 1.5V, lgut = 15A 2.3 A
louTe) Output Continuous Current Range | (Viy = 12V, Vour = 1.5V) 0 15 A
AVour (Line)Nout Line Regulation Accuracy Vour = 1.5V, Viy = 3.1V to 20V, loyt = 0A 0.04 0.15 %/
AVour (Load)Nout Load Regulation Accuracy Vour = 1.5V, loyr = 0A to 15A 0.5 1.2 %
Vourac) Output Ripple Voltage lout = 0A, Cout = 100pF Ceramic, Viy = 12V, 5 mV
Vour = 1.5V
AVoUT(START) Turn-On Overshoot lout = 0A, Cout = 100pF Ceramic, Viy = 12V, 30 mV
Vour = 1.5V
tSTART Turn-0On Time Cout = 100pF Ceramic, No Load, TRACK/SS = 0.01pF, Viy 2.5 ms
=12V, Vour = 1.5V
AVoutLs Peak Deviation for Dynamic Load | Load: 0% to 50% to 0% of Full Load, Cout = 47uF Ceramic, 160 mV
Vin =12V, Vour = 1.5V
tSETTLE Settling Time for Dynamic Load | Load: 0% to 50% to 0% of Full Load, Coyt = 47UF Ceramic, 40 ls
Step Vin =12V, Voyur = 1.5V
loutpk Output Current Limit (Vin = 12V, Vour = 1.5V) 18 A
VrB Voltage at FB Pin lout = 0A, Vour = 1.5V 0.594 0.60 0.606 v
IF8 Current at FB Pin (Note 4) +30 nA
RegHI Resistor Between Voyt and FB 60.05 60.40 60.75 kQ
Pins
ITRACK/SS Track Pin Soft-Start Pull-Up TRACK/SS = 0V 6 10 HA
Current
VinuvLo) Vin Undervoltage Lockout Vin Falling 2.5 2.6 2.7 )
Vin Hysteresis 250 mvV
tongvin) Minimum On-Time (Note 4) 25 ns
toFFIN) Minimum Off-Time (Note 4) 50 ns
VpGooD PGOOD Trip Level Vg With Respect to Set Output
Vrg Ramping Negative -12 -8 -5 %
Vg Ramping Positive 5 8 12 %
lpgoon PGOOD Leakage 2 A
VpaL PGOOD Voltage Low lpgoop = TmA 0.02 0.1 v
ViNTvee Internal V¢ Voltage Vin = 4V to 20V 3.2 3.3 3.4 v
fosc Oscillator Frequency 600 kHz

Note 1 : #2Xd RAEIRICREH S NIBEZBZDANRET/INA RTKFENIBEEZ 525
AIREMED S B, e, REBICHOIc> TIERAEIBREFICERT &, T/\1 RDOIERBEEEFH
WBICBFEZEZ 22BN H D,

Note 2:LTM4638 I TyMTAICIEIFZE LUV LA ABTFRETT AR EN5, LTMA638E (&, 0°C~
125°C O EMVEREHFE TR ICES T 2 LD ERIN TS, —40°C~125CD
ANEEEREEHE COMRIEERE FHEFMES S OHEI 2R 70eX - JvhO—)Le
DR THEREN T\, LTM4638I I3 -40°C~125°C DL EREEE THRICES
TBHIENERSINTND, INSOAREHcIT RABAFEREE. ERLAT7 U /Ky
TV DERBEARSOCMOBREEREBEUFEDBERMGICL>TRESD L

==

Note 3: £72:2 Vi, Vour. BEVOTAICDWTEHEABRO T L—TFT 1 VT HifE SR,
Note 4: V= —/\- LRI TEHTANEINDS,

Note 5: ZD7/\1 RIcld, R DBEFREDE T/ \A R ZRET 2/ DBHMRE
HEENMEID > TWS, IBEMREMEEN TV T TREEI v I3 VIREIF125°CEBR
%o RESNICRARBEY v oY Y BEEZBXCRETEEIMRRT 2L, 7/ R
DIEREEIRBSBNNH S,
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AC COUPLED f
LOAD STEP u_-ﬁ
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2A/DIV |

100ps/DIV

4638 G04

Vin=12V, Vout=1.0V, f5=600kHz

Cout = 3x 100pF + 1x 22uF CERAMIC CAPACITOR
INTERNAL COMPENSATION, COMPa CONNECT TO

COMPb, Crr=33pF

3.3VOHNBERE
OUTPUT
VOLTAGE ,’\
100mV/DIV \/
AC COUPLED
LOAD STEP e
CURRENT
2ADIV
1004s/DIV et

Vin=12V, Vou1=3.3V, f5=100

Cour = 3x 100pF + 1x 22uF CERAMIC CAPACITOR
INTERNAL COMPENSATION, COMPa CONNECT TO

COMPb, Cep=33pF
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5
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LOAD CURRENT (A)

4638 G02

1.5V OHIEERE

4638 G0

100ps/DIV

Vin=12V, Vour=1.5V, fg=800kHz
Cour = 3x 1004F + 1x 22F CERAMIC CAPACITOR
INTERNAL COMPENSATION, COMPb CONNEGT TO
COMPb, Crr=33pF

5V DB

It

4638 GO8

100ps/DIV

Vin=12V, Vour=5V, f5=1500kHz
Couyt = 3x 100pF + 1x 22uF CERAMIC CAPACITOR
INTERNAL COMPENSATION, COMPa CONNECT TO
COMPD, Crr=33pF

SHEEETHER
12VAH
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s 90 r=4
> J
Z 8
o 1.0Voyr, 600kHZ
E 4 — — = 1.2Vgyt, 600kHz |
------- 1.5VouT, 800kHZ
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25| weverennee 25V0yT, 1000kHZ |
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20 T A
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2.5V DHTEENE
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LOAD STEP J——
CURRENT 1
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4638 GO6
100ps/DIV

Vin=12V, Vour=2.5V, fg=1000kHz
Cour = 3x 1004F + 1x 22F CERAMIC CAPACITOR
INTERNAL COMPENSATION, COMPa CONNECT TO
COMPb, Crr=33pF

BREERDBVEEDIEENK

PGOOD
5V/DIV

RUN
suov| |

Vout g
1V/DIV T

I
0.5A/DIV t

4638 G09

5ms/DIV
Vin=12V, Vour=1V, fg=600kHz
Cour = 3x 1004F + 1x 22F CERAMIC CAPACITOR
INTERNAL COMPENSATION, COMPa CONNECT TO
COMPb, Crp=33pF, Cgg=0.14F
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BEERDBVEED

BRER 156A TOREENER HHEIEER B ETR 15A TOHAEIRER
RUN
SV/DIV
W N =T
PGOOD Iy
5V/DIV ADIV 1ADIV
Vout ¥4
1V/DIV
Vout Vour| i
l ouT
2ADIY Wi W NV |
4638 G10 4638 G11 4638 G12
5ms/DIV 50ps/DIV 50us/DIV
Vin=12V, Vour=1V, f5=600kHz Vin=12V, Vour=1.5V, f5=800kHz Vin=12V, Vour=1.5V, fg=800kHz
Cout = 3% T004F + 1 224F CERAMIC CAPACITOR CouT = 3x T004F + 1x 224F CERAMIC CAPACITOR CouT = 3x 1004F + 1x 22uF CERAMIC CAPACITOR
INTERNAL COMPENSATION, COMPa CONNECT TO INTERNAL COMPENSATION, COMPa CONNECT TO INTERNAL COMPENSATION, COMPa CONNECT TO
COMPb, Crr=33pF, Cs=0.11F COMPb, Crp=33pF COMPb, Crr=33pF
HBAMRTINALF RS
RETOREE EERETOENEEY YT
RUN RS W S
5V/DIV
PGOOD ‘ UTPUT|, . l
SV/DIV , . "
) VOLTAGE [} o [9\ |
out \ = )
] R

0.5A/DIV

4638 G13

5ms/DIV
Vin=12V, Vour=3.3V, f5=800kHz
Cour = 3x 100F + 1x 22F CERAMIC CAPACITOR
INTERNAL COMPENSATION, COMPa CONNECT TO
COMPb, Cep=33pF, PREBIASED OUTPUT TO 1.2V,
CSS=0.1F

4638 G14

500ns/DIV
Vin=12V, Vour=1.5V, f5=800kHz
Cour = 3x 100F + 1x 22F CERAMIC CAPACITOR
INTERNAL COMPENSATION, COMPa CONNECT TO
COMPb, Cep=33pF
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Vour (A1~A5, F3, G1~G3) : AfvF >/ - E—F-L ¥
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DEVEGNDEVDORIICIEFERLE T 5 L2 HESEL £, 11
NN IO, 77V =Y a v i§lox sy a
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COMPb (F1) : NV — 7 HilifE &/, R8O 7 7)) r —
> a v, B A R % 0 92 7260, COMPa I 12t
L9,

FREQ (E1) : 14 v F U T TR D EE v, IR BUENE
T600kHz IZFEE SN E T, AT P2 2o e & GND
vy ol LR A ST 50, Fhiiloert
INTVee DN EERE L TR ARS T2 e TEE T,
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YESIHLTLE SN,

COMPa(D1) : AA v F v/ - E—F-LX¥al —%-F ¥ )
DOEFRFIHBES XX —7 > 7R s, WiEfRRa~
N =y OBftIZ, ZOBEHEICEBRCESE L 3, W51
ib{’ﬁ%ﬁ") . HDF v 2L EDITCOMPaE v % H.

R LE T, 2OTNNA RENEREINTOET, N
%%@ﬁ@%%@)ﬂ?%b:ci\COMPb ICEEEL 9, 7203
FALTUDC-R-CFv b — 2 LT, AR <A RSN
7oA RIS 2L 7,

FB(C1) : AAvF vV - E—F-L X2l —F¥DII7—T7v7
DEANTT, ZDOELFHET60.4k QO EREEIHIZ /LT
Vosns ICHERE SN TV E T, FBEY & Vosns E v DRHIC
B2 EMLT, MAEREZHETZET, PolyPhase® H)
fECIx, FBEY M A EHET % Z L Ic K> TSI E EDS ]
REICZD ET, I OWTE, 77— a v IO 7
avESHLUTEZ N,

vosus"(m)'%@jl)% M7 v 7 DIERFEA T, ZDOE

VIR T 60.4k 0.5% DiEfE L%/~ L CFBICERE S
NTCWET, FElicOLTE, 77—y avERD
T avESRLUTEIN,

PHMODE(G5) : A v F 7"+ E—F L ¥ 2L —¥ D+t
L7 8 ~DHIEIA T, WHFEHR 2 £ CLKOUT £ > DR DAL
HEIRZ RO E T, 2*HEJ1”P®£E'A L@EWS:INTVCCV
Befoe L. 3MEIEDS A3 GND IR L. 4 HBI{ED

I INTV /2 Jﬁﬁbiﬁo FEC OV, 77 r—a
VIO 7y a v ESHLTUE R,

TRACK/SS(E2) : ZAfvF v/« E—F L ¥ 2L —FDH Ik
SvXVT VT IRY— -y, ZOE VRS E
JEDSE B3 IREZ T CEE T, 2OV DEEL0.6V
IDEL B, 27 —T7 VT ~DONEY 77 L AN
ANAEN ARDDIZFBE VB TRACK E Y DEEICH —
HE SN E T, 0.6VEDELRDEN Ty X THEREDME 1
L. WY 7 7Ly A& B 27 =7 v 7Dl il S 4
F9, ZOEVIZIZINTVee 225 6UA DT IIVT Y T EIRAN,
NZDT, 2Oy TR ERTE, VI hAY —
MERER B TEE T, HflicowTR, 77—y av
E#HoR 7y avE2SHLUEZ N,

MODE/CLKIN (D2) : i€ — MR >, B XMk
e NOAERFEIII A E >, AEREEIFE — FId 51213
MODE/CLKIN % GND I ##% L ¥ 3, MODE/CLKIN % 7
00— MREEICT 20, IVERAZELICEGT 2L, i
MR — F2ONEIRS N E T, #HI2, MODE/CLKIN £V %4
Moy 21T, SATL - yay sz ay o
WHEIALC, 7354 ALkl e — Ficke ) £9, 5l
DV 7TV —varv RO ar 2SR
S\,

Vosns™ (C2) : 228N & — MEH 7 v 7D KEE AT, FBE Y
& Vosns EVDRNCHMFHEYLZ &t LT FFEDF v
FVOHNEEZFRELET, SOV TE, 777 —
VEPA i R VEPE % i ANCY-1TR

CLKOUT (F2) : PolyPhase B {ED /)7 1 v 7155, CLKIN
ZFHEIZ L 72 CLKOUT DAz i3, PHMODE &' v DIRFEIC
o THED £, CLKOUT TDE—7 to E— 27 DR g i
IXINTVce 225 GND £TTY, FEflicowWTE, 77 r —
YavlBEROX 7y arESELUTLE R,

Vin(D3~D4. E3~E4. F4, G4) : FEIFASIE I D LA
MOSFET D FLA VIZEHLTED ., VINIEE ALy Fv 7
E—F-L¥aL—%-F v 2L OfilEnEHONEE 3.3V
L¥ a2l —2IERLTOUET, ZNH6DEVEGNDEY D
RIS AEREZHMLES, AT Ay 7V 7 avsy
HE. VINEY EGNDE Y DZNZN DN IERERLE T 5 2
ERMEREL£T,

INTVe (B3) : AA v F 7« E—=F-L¥alL—% - Fr %
LVOWEB3IVLFX 2L —F )], N7 — - FIA 3B X
OB X 2 DB D S B Z G S E 7, LTM4638
W 220F DTy 7V 7 av T o 2N T T, 4b
FDF Ay TV T avF o EHYERA,
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B #RE

RUN (B4) : T HIHI A E v, K EDRUNE v % 1.2V X
DEWEFICEGRETAZLICE), L X2 —Y0EER A
F—=7NWLET, COEVZ1LIVIVEOWETFICER T 5L,
LXa2 L —FDREDF v TN vy 8 LT,

Tsenset (A6) HiRFEE=% - Ev, WD &AL A — FEzfi PNP
F VP A DITsEnsET EV & TsensE B v DIENCHALE S 4
TOVEYT, 77V —varffhor sy ar 2L KE
S\,

GND (B2. B6. C3~C7. D5~D7. E5~E7. F5~F7. G6~G7) :

AN E BRSO T OEIR 57 F ¥, PCBD
HEEZ AL LT, 2THOGND Z A\ IcE LET,

PGOOD (B5) : A —7v FLAvDudy 7% A 777
NI —=Tw R ¥, FBEYDEEBNEL0.6VY 7 7L A
DE8% LANIZA 57204  PGOODIZ 7 77 v FEALIC R
nET,

Tsense (A7) - INERHLEE € =& DAKEE A4,

SW (B7) : TAMHNTHONL KT v FNDAL Y TV
7'+ ) —F, RCAF AR b7 — 7 % LT ALY T
J=FDY X TR ELRBRAETLIIELTEET,
Zh N OGAEIT7u—MREDEFICLET, 777 —
vaviloxr sy arE22RLUTES Y,
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J0vIE|

PGOOD 10k
L INTVge
INTVge _
—L oo > —Nr o Vin
- [ _1_01 : L1, 3.1V T0 20V
MODE/CLKIN = - " —2aF
= = 25V
20k _l
0.24pH Vour Y%Q/T
— —1.
CLKOUT - 15A
PHMODE POWER GONTROL —| 1uF
GND
TRACK/SS
v
0F ~ 0SNS [~
DIFF
AMP
Vin + ® B
60.4K
Vosns®
L
INTERNAL
INTERNAL FILTER
COMP
) [
"1" %274k j—
= - FREQ - GND
| N j:l 4638 BD
1. LTM4638 DfERE 7Oy I K
THhy )T &4
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Cin External Input Capacitor Requirement lout = 15A 22 44 uF
(Vi = 3.1V to 20V, Vour = 1.5V)
Cout External Output Capacitor Requirement (Viy = 3.1V | loyt = 15A 220* 470* HuF
to 20V, Vour = 1.5V)

*\A 7 ABESEEOSHEICh -2 EREOTHHIRET, EHAEERESZNETY T T/ ( FRABEREO T TR, BNEENNEICHIEENBET,
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}E

LTM4638 1, vz L 7 FEffiix oD A A v F- - & — F DC/DC
BIRCT BB A javFryetiiary 720417
THIETRANISADDCH IERZ G TEE T, ZDE

Pa—E, 3.1V~20V D AN EIEFFAICHD  1EDH
FHFHEHUZ 57T 0.6V~5.5V DHEiPHCIRE AT HE 72 ks T
OLEECHEIEEZ MG L £ 9, BHERIC o #E X
ZX211RLET,

LTM4638 1%, A Vil —EDBREIRE—F L ¥ 2L —7%,
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INPUT | Vin(Min) v Vin(Max) v
OUTPUT| Vout v lout A
FEATURES | Low EMI Ultrathin Internal Heat Sink
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LTM4626 12ApModulel ¥ 2L — %, LTM4638 £ B FAf, | 3.1V < VN £ 20V, 0.6V < VouT < 5.5V, 6.25mmx6.25mmx3.87mm BGA

LTM4649 10A pModule L ¥ 2L —% 4.5V < VIN< 16V, 0.6V < Vour < 3.3V, 9Immx15mmx4.92mm BGA

LTM4601 12ApModule L ¥ 2L —% 4.5V < VN <20V (28V:LTM4601HV), 0.5V < Vour <5V,
15mmx15mmx2.82mm LGA, 15mmx15mmx3.42mm BGA

LTM4637 20A iModule L ¥ 2L —% 4.5V < VIN <20V, 0.6V < Vour < 5.5V, 15mmx15mmx4.32mm LGA,
15mmx15mmx4.92mm BGA,

LTM4646 727V 10A iModule L ¥ 2L —% 4.5V < VIN <20V, 0.6V < Vour < 5.5V, 11.25mmx15mmx5.0lmm BGA

LTM4662 T 27V 15A iModule L ¥ 2.1 —% 4.5V < VIN <20V, 0.6V < Vour < 5.5V, 11.25mmx15mmx5.74mm BGA

LTM4643 77y R3ABHEM Module L ¥ 2.1 —% 4V < VIN <20V, 0.6V < Vour < 3.3V, 9mmx15mmx1.82mm LGA,
9mmx15mmx2.42mm BGA

LTM4644 779 R 4A pModule L ¥ 2L —% 4V < VIN £ 14V, 0.6V < VouT £ 5.5V, 9mmx15mmx5.01mm BGA
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